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Abstract
Understanding the geographic variation of leaf trichome in wild radish accessions would help to elucidate 
how morphological variation can be molded by natural selection. Here, we investigated the geographic variation 
of leaf trichomes in wild radish populations across Japan covering Ryukyu Islands and mainland. And we also 
sought the possible selection pressures involved in the evolution and maintenance of leaf trichome polymor-
phism. Results showed leaf trichome density in wild radish was highly variable across the Japanese archipel-
ago, with plants from southern insular populations tending to exhibit glabrous leaves, while those of northern 
mainland Japan were completely covered by dense trichomes. This trichome variation in Japanese populations 
of wild radish was probably attributing to external stress involving in protecting against frost damage and 
resistance to herbivores. This study will be helpful to understand the morphological variation under divergent 
selections in wild radish and contribute to the areas of breeding and evolutionary studies in radish.
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Introduction
Trichomes are hair-like appendages that ap-
pear on the surfaces of leaves, stems, petioles, 
and sepals, as well as on the leaf margin of 
most land plants （Johnson 1975; Werker 2000）. 
They contribute to protection against herbivo-
rous insects （Agren and Schemske 1994; Levin 
1973; Traw and Dawson 2002; Valverde et al. 
2001）. The glabrous morph of the perennial 
herb Arabidopsis is more susceptible to dam-
age by insect herbivores than is the trichome-
producing morph （Løe et al. 2007）, and ex-
perimental removal of leaf trichomes resulted 
in increased feeding and growth of herbivorous 
insects in bioassay studies of several species 
（Baur et al. 1991; Fordyce and Agrawal 2001）. 
In addition, some plant species respond to 
herbivores by producing new leaves with an 
increased density or number of trichomes, and 
insects feeding on the induced plants often con-
sume less foliage and grow less compared with 
insects feeding on the glabrous plants （Agrawal 
2000; Dalin and Björkman 2003）. Trichomes 
may also function to protect plants from abiotic 
stresses such as drought by reflecting light and 
reducing transpiration （Ehleringer 1984; Pérez-
Estrada et al. 2000）, and protecting cells from 
damage caused by solar UV radiation （Skaltsa 
et al. 1994）, temperature stress （Agrawal et al. 
2004）, and heavy metal toxins （Gutiérrez-Alcalá 
et al. 2000）. 
Raphanus sativus L. var. raphanistroides 
Makino （Family: Brassicaceae） is a winter an-
nual plant known as wild radish. It is a self-in-
compatible and insect-pollinated wild plant that 
grows primarily on dunes or sandy beaches 
near the sea in East Asia. A number of stud-
ies have measured variation in life-history （e.g. 
trichomes, leaf size, and emergence time） and 
flower traits （e.g. corolla width, pollen produc-
tion per flower, and pollen size） in wild radish 
（Agrawal et al. 2002; Conner and Via 1993; 
Williams and Conner 2001; Young et al. 1994）. 
Among these traits, trichomes show morpho-
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Iriomote Isl. 1 16 9/7 56.25% 134.29±32.33 22.7 14.2 24.27
Miyako Isl. 2 33 23/10 69.69% - 23.5 15.3 24.73
Okinawa Isl. 3 24 23/1 95.83% - 22.3 12.9 26.44
Yorontou Isl. 4 18 17/1 94.44% - 22.0 12.8 27.02
Tokunoshima Isl. 5 17 14/3 82.35% - 21.0 12.0 27.77
Amamioshima Isl. 6 17 14/3 82.35% - 21.5 11.4 28.45
Mainland Japan
Kochi Pref. 7 19 0/19 0% 144.83±46.52 15.4 2.3 33.23
Mie Pref. 8 16 0/16 0% 58.38±30.39 15.9 1.3 34.60
Shiga Pref. 9 16 0/16 0% 164.89±60.06 14.4 -1.4 35.42
Aomori Pref. 10 17 0/17 0% 114.00±23.19 9.7 -5.4 40.58
Hokkaido Isl. 11 19 0/19 0% 123.74±32.05 3.5 -11.5 41.95
T1: Annual mean temperature; T2:  Minimum temperature of coldest month. Population codes correspond to those of Fig. 1.
Table 1. Types and trichome density on leaf surface of wild radish and the environmental information of their 
population localities.
Fig. 1.  Sampling locations of wild radish populations.
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logical variations that mediate adaptive expres-
sion in different environments. Understanding 
the geographic variation of leaf trichome in 
wild radish accessions would help to elucidate 
how morphological variations can be molded by 
selection. Here, we investigated trichome poly-
morphisms in wild radish populations and dis-
cussed the possible selection pressures involved 
in the shape and maintenance of polymorphism 
in natural populations. This study will be help-
ful to understand the morphological variation 
under divergent selections in wild radish and 
contribute to the areas of breeding and evolu-
tionary studies in radish.
Materials and methods
We collected seeds of wild radish in the field 
in the Ryukyu Islands （Iriomote and Okinawa 
Islands: populations 1 and 3, respectively, in 
Fig. 1） and mainland Japan （Kochi, Mie, Shi-
ga, Aomori prefectures, and Hokkaido Islands: 
populations 7, 8, 9, 10, and 11, respectively, in 
Fig. 1）, and cultivated them in a greenhouse 
to investigate their leaf types. In addition, four 
populations （Miyako, Yorontou, Tokunoshima, 
and Amamioshima Islands: populations 2, 4, 5 
and 6, respectively, in Fig. 1） were investigated 
in the fi eld. The annual mean temperature and 
the minimum temperature of the coldest month 
at each population locality are provided in 
Table 1. We recorded the presence or absence 
of trichomes for each plant. Here, we classi-
fi ed all plants with trichomes on the leaf blade 
as “trichome-producing” and plants without 
trichomes on the leaf blade as “glabrous.” Gen-
erally, trichome variation could be considered 
a discrete （glabrous vs. trichome-producing 
plants） or a quantitative （trichome density 
or number on trichome-producing individu-
als） trait. For trichome-producing accessions, 
high density of trichome occurs on the adaxial 
side of leaf, whereas, only minimal trichomes 
present on the vein on the abaxial side （Fig. 
2）. Here, trichomes were counted on the ad-
Fig. 2.  Trichome variations within wild radish. （a） adaxial side and （c） abaxial side of glabrous leaf of wild 
radish from the Ryukyu Islands; （b） adaxial side and （d） abaxial side of trichome-producing leaf of wild 
radish from mainland Japan.
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axial side of each fully expanded leaf （60 days 
growth） at a defined measuring area of 1 cm2, 
avoiding the main leaf vein. Microscopic images 
of trichomes on each leaf were taken using a 
digital image input device （3CCD 2Mega Pixel 
Digital Camera FX630, Olympus Optical Co., 
Ltd., Tokyo, Japan）, and the total number of 
trichomes per unit area was counted. The rela-
tionships between latitude and trichome density 
and between latitude and leaf type （defined as 
trichome-producing （1） or glabrous （0）） were 
evaluated by fitting linear and logistic regres-
sion models, respectively, using the R package 
（Zeileis et al. 2007）.
Results
Leaf trichome density in wild radish was 
highly variable across the Japanese Islands. 
Plants from the Ryukyu Islands exhibited 
mostly glabrous leaves whereas those of main-
land Japan were totally covered by dense tri-
chomes （Fig. 2）. The percentage of plants from 
the Ryukyu Islands producing glabrous leaves 
was greater than 56.25% （Iriomote Isl.）, while 
accessions from mainland Japan were entirely 
trichome-producing （Table 1）. Trichome den-
sity in one population from the Ryukyu Islands 
（Iriomote） and five from mainland Japan were 
investigated. Among trichome-producing popu-
lations, the average trichome density from 
Iriomote was 134.29, while the mean value in 
each population from mainland Japan ranged 
from 58.38 （Mie pref.） to 164.89 （Shiga pref.） 
（Table 1）. There was no significant relationship 
between latitude and trichome density （ p > 0.05）, 
but a significant relationship was observed be-
tween latitude and leaf types （glabrous vs. tri-
chome-producing） for all populations （ p < 0.001; 
Fig. 3）, suggesting distinct leaf types of acces-
sions from the Ryukyu Islands and mainland 
Japan. 
Discussion
Wild radish trichome polymorphisms are both 
widespread and variable among different ac-
cessions in Japan. Trichome-producing plants 
occurred mostly in mainland Japan, whereas 
glabrous ones were found only in the Ryukyu 
Islands. In addition, the observed divergence 
in trichome characteristics was consistent with 
Fig. 3.  The relationship between latitude and leaf type analyzed by fitting a linear model. Circles present leaf 
type: 1 for trichome-producing leaf; 0 for glabrous leaf （see the left vertical axis）. Bars mean the numbers 
of samples investigated for each leaf type （see the right vertical axis）.
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the previously reported genetic variation of 
wild radish populations observed in the Ryukyu 
Islands and mainland Japan （Han et al. 2015）. 
Furthermore, the Ryukyu Islands and main-
land populations appear to be genetically iso-
lated over 14 nucleotide loci （Han et al. 2016）. 
Therefore, we hypothesize that the difference 
in trichomes between the Ryukyu Islands and 
mainland wild radish populations is probably 
genetic.
At the population level, leaf type varies ac-
cording to the microenvironment of the plant. 
The Ryukyu Islands are near mainland Japan 
but are isolated geographically by barriers such 
as the Tokara and Ohsumi Straits （Feng et al. 
2000; Millien-Parra and Jaeger 1999）. These 
regions experience different climates, which in 
turn may produce different selection pressures 
on local populations. A previous study reported 
that wild radish leaf trichomes could provide 
a protective function against low temperatures 
（Agrawal et al. 2004）. Our study supports this 
hypothesis, as the trichome-producing acces-
sions were found mostly in mainland Japan, 
which has a much cooler climate than that of 
the Ryukyu Islands. However, trichomes ap-
pear to also provide mechanical defense. Tri-
chomes have been shown to reduce herbivory 
in several plant species, including Raphanus 
raphanistrum （Agrawal 1999）, Arabidopsis ly-
rata （Løe et al. 2007）, Brassica rapa （Agren 
and Schemske 1993）, Alnus incana （Baur et al. 
1991）, and Brassica nigra （Traw and Dawson 
2002）. Agrawal （1999） investigated the induced 
responses to herbivory in annual wild radish 
plants and showed that leaf herbivory resulted 
in decreased herbivore growth, which correlated 
with an increase in trichomes. Based on this 
information, we could assume that trichome 
production in wild radish probably provides 
structural defense against herbivores, although 
our study could not provide explicit evidence 
that could support this hypothesis.
In conclusion, our study was reported geo-
graphic variation in leaf trichome in wild rad-
ish and indicated that divergent habitat factors 
and herbivory may be important determinants 
of trichome variations. Future studies should 
aim to unravel the environmental factors under-
lying this intra-specific morphological variation 
and determine how these variations are medi-
ated genetically. Further study is necessary to 
investigate the multiple genes associated with 
trichome variation. Improving our knowledge 
on these issues will provide a comprehensive 
understanding of the genetic and environmental 
sources for morphological variation in wild rad-
ish.
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